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Description

FIELD OF THE INVENTION

�[0001] The present invention relates to a countershaft
transmission according to the preamble of claim 1 in
which a plurality of speed change gear trains are dis-
posed in parallel with one another on parallel shafts, and
a gear change is carried out by selectively activating one
of the clutches provided to the gear trains.

BACKGROUND OF THE INVENTION

�[0002] Many countershaft type transmissions are used
in automobiles, and an example of countershaft trans-
mission is disclosed in Japanese Laid- �open Patent Pub-
lication No. H6 (1994)- �221432 (A). Typically, a counter-
shaft transmission comprises a plurality of constant mesh
type speed change gear trains, which are disposed in
parallel with one another between two parallel shafts,
and each gear train is provided with a clutch, for example,
a synchromesh type clutch. These clutches are activated
selectively in correspondence to the manipulation of the
shift lever by the driver to achieve a power transmission
at a desired speed change ratio.
�[0003] There is an attempt to increase the number of
speed change ratios or gear ratios available for such
countershaft transmissions. This is to improve the driving
characteristics of the vehicles which incorporate coun-
tershaft transmissions. With this attempt, the number of
speed change gear trains which are disposed in parallel
with one another between the two parallel shafts is also
increasing. This trend may lead to a problem that the size
of the transmission will increase to include the shafts
which are formed longer than ever to support these gear
trains, which are increasing in number. Therefore, not to
elongate the shafts too much for the purpose of keeping
the transmission compact, there is a demand for improve-
ments in the arrangement and construction of the speed
change gear trains.
�[0004] In the production of a countershaft transmis-
sion, the relation of the two parallel shafts must be main-
tained while a plurality of speed change gear trains each
including drive and driven gears to mesh with each other
are being mounted on these shafts, together with a plu-
rality of clutches which select the gear trains for power
transmission. Therefore, there is a need for a counter-
shaft transmission which facilitates easy and simple as-
sembly.
�[0005] Document DE 197 43 372 A1 discloses a coun-
tershaft transmission according to the preamble of claim
1, wherein the end of the first shaft that is located away
from the engine is supported by the end of the third shaft
that is located towards the engine. This leads to a fairly
difficult assembly of this known countershaft transmis-
sion because the first shaft can only be assembled after
the third shaft has been assembled.

SUMMARY OF THE INVENTION

�[0006] It is an object of the present invention to provide
a countershaft transmission which facilitates the assem-
bly of two parallel shafts disposed with a plurality of speed
change gear trains therebetween and a plurality of clutch-
es in a transmission case.
�[0007] The present invention provides a countershaft
transmission according to claim 1. An embodiment of the
invention incorporates first, second and third shafts ro-
tatably in a transmission case. The first shaft (e.g., the
input shaft 11 of the embodiment described in the follow-
ing section) is connected to an engine, the second shaft
(e.g., the countershaft 12 of the following embodiment)
extends in parallel with the first shaft, and the third shaft
(e.g., the output shaft 13 of the following embodiment)
extends in a direction away from the engine against the
first shaft. In addition, a plurality of speed change gear
trains (e.g., the LOW,� SECOND, THIRD, FOURTH,
FIFTH, SIXTH and REVERSE gear trains of the embod-
iment described in the following section) are disposed in
parallel with one another between the first shaft and the
second shaft. In this transmission, the transmission case
comprises separate first, second and third casings, which
are connected in this order from the side where the en-
gine is placed. In a first room which is defined by the first
and second casings, disposed are the first shaft, the sec-
ond shaft and the speed change gear trains, and the sides
of the first and second shafts which are located toward
the engine are supported rotatably by the first casing
while the side of the first shaft which is located away from
the engine is supported rotatably by the second casing.
In a second room which is defined by the second and
third casings, disposed are the side of the second shaft
which is located away from the engine, the third shaft,
and transmission means (e.g., the gear train 28a and 28b
of the following embodiment), which carries out power
transmission between the second and third shafts, and
the side of the third shaft which is located toward the
engine is supported rotatably by the second casing while
the sides of the second and third shafts which are located
away from the engine are supported rotatably by the third
casing.
�[0008] The countershaft transmission which is de-
signed in the above described way can be assembled by
following the next assembly stages. At first, the first cas-
ing is set with the side end which is to meet the engine
facing downward and the first room opening upward. Into
the inside space of this first casing, the first and second
shafts which are subassembled with speed change gears
and clutches, respectively, are inserted vertically from
above, with the sides of the first and second shafts which
are located toward the engine facing downward, and then
the ends of the first and second shafts are supported
rotatably by the first casing. As a result, the two shafts
stand vertically in the first casing, and the speed change
gear trains are disposed between these shafts. Then, the
second casing is mounted on the first casing such that
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the second casing encloses the first and second shafts,
and the side of the first shaft which is located away from
the engine and a middle portion of the second shaft are
supported rotatably by the second casing. By this stage,
the transmission has been assembled with the first and
second shafts, which are disposed in parallel with each
other and supported rotatably in the room surrounded by
the first and second casings, and with a plurality of speed
change gear trains, which are disposed in parallel with
one another between these two shafts.
�[0009] In this condition of the transmission, which is
assembled with the second casing, the side of the second
shaft which is located away from the engine protrudes
upward from the second casing. Now, a gear which con-
stitutes the above mentioned transmission means or
transmission gear train is mounted on this protruding sec-
ond shaft, and the third shaft subassembled with the other
gear which constitutes the transmission gear train is
mounted with the side of the third shaft which is located
toward the engine facing downward. The third shaft in
this condition is supported rotatably by the part of the
second casing which faces the above mentioned second
room. Then, the third casing is mounted on the second
casing such that the third casing covers the second and
third shafts. By this stage, the transmission have been
assembled with basic parts, and the part of the second
shaft protruding from the second casing, the transmission
gear train and the third shaft are disposed in the room
surrounded by the second and third casing. In this way,
the transmission according to the present invention en-
ables an orderly assembly in which the transmission is
assembled in the order of the first, second and third cas-
ings while the engine side of the transmission is set down-
ward, with the first, second and third shafts standing up-
ward. Therefore, the assembly of the transmission is
easy and simple.
�[0010] Further scope of applicability of the present in-
vention will become apparent from the detailed descrip-
tion given hereinafter. However, it should be understood
that the detailed description and specific examples, while
indicating preferred embodiments of the invention, are
given by way of illustration only.

BRIEF DESCRIPTION OF THE DRAWINGS

�[0011] The present invention will become more fully
understood from the detailed description given herein be-
low and the accompanying drawings which are given by
way of illustration only and thus are not limitative of the
present invention and wherein:�

FIG. 1 is a sectional view showing the construction
of a countershaft transmission according to the
present invention.
FIG. 2 is an enlarged sectional view showing the
right side section of the countershaft transmission.
FIG. 3 is an enlarged sectional view showing the
central section of the countershaft transmission.

FIG. 4 is an enlarged sectional view showing the left
side section of the countershaft transmission.
FIG. 5 is a sectional plan view showing a mechanism
which conveys the shifting force in the transmission.
FIG. 6 is a sectional view of the transmission, taken
toward the engine, showing the internal structure of
the transmission including the above mentioned
shifting force conveying mechanism.
FIG. 7 is a sectional view showing the construction
of a LOW or SECOND rocking lever, which consti-
tutes a linkage conveying a shifting force.
FIG. 8 is a sectional view showing the construction
of a REVERSE rocking lever, which constitutes a
linkage conveying a shifting force.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

�[0012] FIGS. 1, 2, 3 and 4 show the construction of a
countershaft transmission according to the present in-
vention. FIGS. 2, 3 and 4 are enlarged views of the re-
spective three sections of the transmission divided by
alternate long and short dash lines A- �A and B-�B in FIG.
1. In these drawings, hatching is not rendered intention-
ally to make the structure of the transmission more easily
understandable.
�[0013] In this transmission, a gearshift is disposed in
a unified transmission case of first, second and third cas-
ings 1, 2 and 3, which are connected firmly consecutively
from the side where an engine is placed. The first casing
1 includes a first partition wall 4, the second casing 2
includes a second partition wall 5, and the third casing 3
includes a cover wall 6 on the left side thereof, i.e., on
the side opposite to the side where the engine is located.
Furthermore, a main clutch CL is disposed in a clutch
room 7 which is provided on the right side of the first
partition wall 4, i.e., � on the side toward the engine, and
the right side end face 1a of the first casing 1 is connected
to a casing which accommodates the engine. Further-
more, a flying wheel FW is provided in the clutch room 7
and is connected to the output shaft ES of the engine,
and the above mentioned main clutch CL is mounted on
the flying wheel FW.
�[0014] The left side end face 1b of the first casing 1 is
fixed with the right side end face 2a of the second casing
2, and a first room 8 is defined by the first partition wall
4 of the first casing 1 and the second partition wall 5 of
the second casing 2. In this room, an input shaft (first
shaft) 11 and a countershaft (second shaft) 12 are dis-
posed parallel with each other, and a total of seven gear
trains used for speed change are disposed between
these two shafts.
�[0015] The right side of the input shaft 11 is supported
rotatably by a bearing 11a, which is retained in the first
partition wall 4, and the input shaft 11 extends further
rightward through the first partition wall 4 into the clutch
room 7 and the right end thereof is connected to the main
clutch CL, which connects and disconnects the power
transmission from the engine output shaft ES to the input
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shaft 11. The left side of the input shaft 11 is also sup-
ported rotatably by a bearing 11b, which is retained in
the second partition wall 5. On the other hand, the right
end of the countershaft 12 is supported rotatably by a
bearing 12a, which is retained in the first partition wall 4.
The left side of the countershaft 12 is supported rotatably
by a bearing 12b, which is retained in the second partition
wall 5, and the countershaft 12 extends further leftward
through the second partition wall 5. To retain the bearing
12a in the first partition wall 4, a snap ring 15 is provided
around the bearing 12a, and to place and remove this
snap ring 15, an opening is provided on the lower side
of the first casing 1, with a cap 16 covering the opening.
�[0016] The left side end face 2b of the second casing
2 is fixed with the right side end face 3a of the third casing
3, and a second room9 is defined by the second partition
wall 5 and the cover wall 6. The left side of the counter-
shaft 12, which passes through the second partition wall
5 as described above, extends into the second room 9,
and in parallel with this countershaft 12, an output shaft
(third shaft) 13 is disposed in the second room 9. Between
these two shafts 12 and 13, a gear train 28a and 28b is
disposed, and the gears constituting this gear train are
mounted on these shafts respectively and mesh with
each other. The left end of the countershaft 12 is sup-
ported rotatably by a bearing 12c, which is retained in
the cover wall 6. On the other hand, the right end of the
output shaft 13 is supported rotatably by a bearing 13a,
which is retained in the second partition wall 5. The cen-
tral part and the left end of the output shaft 13 are sup-
ported also rotatably by bearings 13b and 13c, respec-
tively, which are retained in the cover wall 6. More spe-
cifically, the left end of the output shaft 13 passes through
the cover wall 6 and protrudes outward, and this protrud-
ing portion 14 is connected to a propeller shaft, which is
then connected to drive wheels.
�[0017] The above mentioned seven speed change
gear trains, which are disposed parallel with one another
between the input shaft 11 and the countershaft 12 in the
first room 8, are a REVERSE gear train 27a, 27b and
27c, a LOW gear train 21a and 21b, a SECOND gear
train 22a and 22b, a SIXTH gear train 26a and 26b, a
FIFTH gear train 25a and 25b, a FOURTH gear train 24a
and 24b, and a THIRD gear train 23a and 23b respec-
tively from the right side in the axial direction.
�[0018] The LOW and SECOND gear trains comprise
drive gears 21a and 22a, which are fixed on the input
shaft 11, and driven gears 21b and 22b, which are mount-
ed rotatably on the countershaft 12 and mesh with the
drive gears 21a and 22a, respectively. To connect and
disconnect the driven gears 21b and 22b to and from the
countershaft 12 rotationally, synchro-�mesh LOW and
SECOND clutches 31 and 32 are provided, respectively.
The engagement and disengagement of these clutches
31 and 32 are carried out by shifting a LOW or SECOND
synchro-�sleeve 47 in the axial direction. The REVERSE
gear train comprises a drive gear 27a, which is fixed on
the input shaft 11, an idle gear 27b, which is supported

rotatably on the first partition wall 4 and meshes with the
drive gear 27a, and a driven gear 27c, which is mounted
rotatably on the countershaft 12 and meshes with the idle
gear 27b. To connect and disconnect the driven gear 27c
to and from the countershaft 12 rotationally, a synchro-
mesh REVERSE clutch 37 is provided there, and the
engagement and disengagement of the clutch 37 is car-
ried out by shifting a REVERSE synchro-�sleeve 48 in the
axial direction.
�[0019] The THIRD, FOURTH, FIFTH and SIXTH gear
trains, respectively, comprise drive gears 23a, 24a, 25a
and 26a, which are mounted rotatably on the input shaft
11, and driven gears 23b, 24b, 25b and 26b, which are
fixed on the countershaft 12 and mesh with the drive
gears 23a ∼ 26a. To connect and disconnect the drive
gears 23a ∼ 26a to and from the input shaft 11 rotationally,
synchro-�mesh THIRD, FOURTH, FIFTH and SIXTH
clutches 33, 34, 35 and 36 are provided, respectively.
The engagement and disengagement of these clutches
33 ∼ 36 are carried out by shifting a THIRD or FOURTH
synchro-�sleeve 45 or a FIFTH or SIXTH synchro-�sleeve
46 in the axial direction.
�[0020] In this transmission, a gear change or a change
of speed change ratio is carried out by selectively engag-
ing one of the LOW, SECOND, THIRD, FOURTH, FIFTH,
SIXTH and REVERSE clutches 31 ∼ 37 to realize a power
transmission through a corresponding speed change
gear train. This gear change is performed by a driver who
manipulates a shift lever 41, which is provided at the driv-
er’s seat. The mechanism to realize the shifting functions
as follows.
�[0021] The shift lever 41 is supported by a spherical
joint 41b, so that it can swing right and left and back and
forth. The driver grips a shift knob 41b, which is provided
at the upper end of the shift lever 41, and moves it back
and fourth (in "Y" direction, which is the direction indicat-
ed by arrows Y in FIG. 1) or right and left (in the direction
perpendicular to the paper carrying FIG. 1, which direc-
tion is hereinafter designated as "X" direction). The move-
ment of the shift lever 41 is conveyed to a main shift rod
42. The swing of the shift lever 41 in the X direction rotates
the main shift rod 42 while the swing of the shift lever 41
in the Y direction transfers the main shift rod 42 in the
axial direction (the right and left direction in the figure).
A selector arm 43 is fixed on the other end of the main
shift rod 42, and when the shift lever 41 is moved in the
X direction, the front end of the selector arm 43 is led into
the engaging groove of one of a plurality of shift pieces,
which will be described below.
�[0022] FIG. 5 shows a mechanism 50 which includes
these shift pieces and conveys the shifting force. Now,
this shifting force conveying mechanism 50 is described
with reference to FIG. 5 and FIG. 6. FIG. 6 is a view of
the transmission without the second casing 2, being
looked at toward the first casing 1, but it shows detent
mechanisms 52, 54 and 56, which are provided in the
second casing 2, to make the description more easily
understandable.
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�[0023] The shifting force conveying mechanism 50 is
located at the upper part of the first room 8, and it com-
prises a LOW or SECOND shift rod 51, a THIRD or
FOURTH shift fork shaft 53 and a FIFTH or SIXTH shift
fork shaft 55. The right ends of these shift rod and fork
shafts are supported by the first partition wall 4 while the
left ends are supported by the second partition wall 5,
respectively, and they are movable in the axial direction.
The LOW or SECOND shift rod 51 is provided with a
whirl- �stop 51c and detent furrows 51a, which are used
in cooperation with a detent mechanism 52 for setting
one of the following three positions: specifically, LOW,
NEUTRAL and SECOND. In the same way, the THIRD
or FOURTH shift fork shaft 53 and the FIFTH or SIXTH
shift fork shaft 55 are provided with detent furrows 53a
and 55a, respectively, which are used in cooperation with
detent mechanisms 54 and 56, respectively, for setting
one of the three positions: THIRD, NEUTRAL and
FOURTH, and FIFTH, NEUTRAL and SIXTH, respec-
tively.
�[0024] In addition, the LOW or SECOND shift rod 51,
the THIRD or FOURTH shift fork shaft 53 and the FIFTH
or SIXTH shift fork shaft 55, respectively, are provided
with a LOW or SECOND shift piece 61, a THIRD or
FOURTH shift piece 62 and a FIFTH or SIXTH shift piece
63, which are fixed thereon. Furthermore, a REVERSE
shift piece 64 is provided movably in the axial direction
on the THIRD or FOURTH shift fork shaft 53. These shift
pieces 61 ∼ 64 include selector grooves 61a ∼ 64a, re-
spectively, which are aligned laterally. The front end of
the selector arm 43 is designed to engage one of the
selector grooves 61a ∼ 64a. By moving the shift lever 41
in the X direction, the front end of the selector arm 43 is
selectively engaged to one of the selector grooves 61a
∼ 64a, and by moving the shift lever 41 in the Y direction,
the shift piece which has the selector groove engaged to
the selector arm 43 is transferred in the axial direction.
�[0025] The THIRD or FOURTH shift fork shaft 53 and
the FIFTH or SIXTH shift fork shaft 55 are provided with
a THIRD or FOURTH shift fork 57 and a FIFTH or SIXTH
shift fork 58, respectively. The THIRD or FOURTH shift
fork 57 is fixed on the THIRD or FOURTH shift fork shaft
53 and is axially slidable on the FIFTH or SIXTH shift fork
shaft 55. On the other hand, the FIFTH or SIXTH shift
fork 58 is fixed on the FIFTH or SIXTH shift fork shaft 55
and is axially slidable on the THIRD or FOURTH shift
fork shaft 53. The THIRD or FOURTH shift fork 57 en-
gages the THIRD or FOURTH synchro-�sleeve 45, which
activates the THIRD clutch 33 and the FOURTH clutch
34, while the FIFTH or SIXTH shift fork 58 engages the
FIFTH or SIXTH synchro-�sleeve 46, which activates the
FIFTH clutch 35 and the SIXTH clutch 36. Therefore, by
manipulating the shift lever 41, the selector arm 43 is
engaged, for example, to the selector groove 62a or 63a
of the THIRD or FOURTH shift piece 62 or the FIFTH or
SIXTH shift piece 63, and then the THIRD or FOURTH
shift fork shaft 53 or the FIFTH or SIXTH shift fork shaft
55 is transferred appropriately in the axial direction to

selectively activate one of the THIRD ∼ SIXTH clutches
33 ∼ 36.
�[0026] The LOW or SECOND synchro- �sleeve 47,
which activates the LOW and SECOND clutches 31 and
32, and the REVERSE synchro-�sleeve 48, which acti-
vates the REVERSE clutch 37, are located on the coun-
tershaft 12 at the lower part of the transmission. There-
fore, a LOW or SECOND shift fork 73 and a REVERSE
shift fork 76, which engage these synchro-�sleeves 47
and 48, are mounted, respectively, on a LOW or SEC-
OND shift fork shaft 71 and a REVERSE shift fork shaft
75, which are provided movably in the axial direction at
the lower part of the transmission. The LOW or SECOND
shift fork 73 is fixed on the LOW or SECOND shift fork
shaft 71 and is axially slidable on the REVERSE shift fork
shaft 75 while the REVERSE shift fork 76 is fixed on the
REVERSE shift fork shaft 75 and is axially slidable on
the LOW or SECOND shift fork shaft 71.
�[0027] When the LOW or SECOND shift fork shaft 71
or the REVERSE shift fork shaft 75 is transferred appro-
priately in the axial direction by manipulating the shift
lever 41, the LOW or SECOND shift fork 73 or the RE-
VERSE shift fork 76 moves correspondingly, and the
LOW or SECOND synchro-�sleeve 47 or the REVERSE
synchro-�sleeve 48 is transferred appropriately in the axial
direction. As a result, one of the LOW, SECOND and
REVERSE clutches 31, 32 and 37 can be selectively ac-
tivated. In order to convey the force applied to the shift
lever 41 to achieve the appropriate movement of the LOW
or SECOND shift fork shaft 71 or the REVERSE shift fork
shaft 75, a LOW or SECOND rocking lever 65 and a
REVERSE rocking lever 66 are provided laterally in the
first room 8 as detailed in FIGS. 6, 7 and 8.
�[0028] These two rocking levers 65 and 66 are long
plate-�like members and positioned close to each other
and are supported by a pair of retaining ribs 4a and 4b,
which protrude from the first partition wall 4 into the first
room 8. More specifically, an aperture is provided ex-
tending from the outer surface of the first casing 1 and
passing through the retaining ribs 4a and 4b, and a re-
taining pin 67 is inserted from the outside of the casing
into this aperture to support the rocking levers 65 and 66
at the center thereof as shown in FIG. 6. In this condition,
each rocking lever is independently pivotable around the
retaining pin 67. Because of this arrangement, the rock-
ing levers 65 and 66 are easily mountable. They are
placed between the retaining ribs 4a and 4b and then
pinned with the retaining pin 67, which is inserted from
the outside.
�[0029] As shown in FIG. 7, the upper end 65a of the
LOW or SECOND rocking lever 65 is set in a recess 51b
which is provided on the LOW or SECOND shift rod 51
while the lower end 65b is set in an engaging groove 72a
which is provided on an engaging member 72 fixed on
the LOW or SECOND shift fork shaft 71. In this construc-
tion, when the LOW or SECOND shift rod 51 is trans-
ferred in the axial direction by manipulating the shift lever
41, the LOW or SECOND shift fork shaft 71 is transferred
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in the opposite axial direction by the movement of the
LOW or SECOND rocking lever 65, which movement is
caused by the movement of the LOW or SECOND shift
rod 51. As a result, the LOW or SECOND synchro- �sleeve
47 is shifted in the axial direction correspondingly by the
LOW or SECOND shift fork 73, which is fixed on the LOW
or SECOND shift fork shaft 71. Thus, the LOW or SEC-
OND clutch 31 or 32 can be activated selectively.
�[0030] As shown in FIG. 8, the upper end 66a of the
REVERSE rocking lever 66 is set in an engaging groove
64b which is provided in the REVERSE shift piece 64
while the lower end 66b is set in a recess 75a which is
provided on the REVERSE shift fork shaft 75. In this con-
dition, when the REVERSE shift piece 64 is transferred
in the axial direction on the THIRD or FOURTH shift fork
shaft 53, the REVERSE shift fork shaft 75 is transferred
in the opposite axial direction by the movement of the
REVERSE rocking lever 66, which is caused by the trans-
fer of the REVERSE shift piece 64. As a result, the RE-
VERSE synchro-�sleeve 48 is shifted in the axial direction
correspondingly by the REVERSE shift fork 76, which is
fixed on the REVERSE shift fork shaft 75, to activate the
REVERSE clutch 37.
�[0031] Now, the process of assembling the counter-
shaft transmission is described. In the assembly of the
transmission, at first, the first casing 1 is placed with the
end face 1a which meet the casing of the engine, facing
downward, and with the first room 8 opening upward. In
this condition, the input shaft 11 and the countershaft 12
with the speed change gear trains, clutches, etc. sub-
assembled, respectively, are oriented vertically and put
into the first room 8 from above, and these shafts are
mounted in the first partition wall 4, with the bearings 11a
and 12a which support the shafts rotatably. As a result,
the right ends of the input shaft 11 and the countershaft
12 shown in FIG. 1 are supported by the bearings 11a
and 12a at the predetermined positions in the first parti-
tion wall 4, and, at this stage of the assembly, the input
shaft 11 and the countershaft 12 stand upward in the first
casing 1. In this condition, the drive and driven gears
which constitutes each gear train mesh with each other.
�[0032] In the next stage of the assembly, the second
casing 2 is mounted on the first casing 1 to enclose the
input shaft 11 and the countershaft 12, which are pro-
truding upward from the first casing 1. As a result, the
left ends and the middle portions of these shafts 11 and
12 shown in FIG. 1 are supported rotatably with bearings
11b and 12b in the second partition wall 5, and the input
shaft 11 and the countershaft 12 are rotatable in the first
room 8.
�[0033] In this condition, where the left end of the coun-
tershaft 12 shown in FIG. 1 protrudes upward from the
second casing 2 through the second partition wall 5, a
drive gear 28a and a bearing 12c are mounted on the
countershaft 12. Then, the output shaft 13 with a driven
gear 28b is put into the second casing 2, with the right
end of the output shaft 13 shown in FIG. 1 being oriented
downward. As a result, the output shaft 13, which stand

vertically at this assembly stage, is supported rotatably
with a bearing 13a in the second partition wall 5. Then,
the third casing 3 is mounted on the second casing 2 to
enclose the countershaft 12 and the output shaft 13,
which are protruding upward.
�[0034] According to the present invention, the above
countershaft transmission is assembled first by setting
the first casing 1 with its end face 1a which meets the
casing of the engine, facing downward, and then by
mounting the second casing 2 and the third casing 3 in
this order as described above. In all the stages of the
assembly, the input shaft 11, the countershaft 12 and the
output shaft 13 are maintained in the respective casings,
standing upward. Therefore, there is no need of jigs,
which otherwise be needed to retain these shafts in the
assembly, so the assembly operation is carried out sim-
ply and easily.
�[0035] The invention comprises thus a transmission
case with first, second and third casings 1, 2 and 3, which
are connected side by side in this order from an engine.
An input shaft 11 and a countershaft 12 with speed
change gear trains and clutches are disposed in a first
room 8 which is defined by the first and second casings,
and the both ends of these shafts 11 and 12 are supported
rotatably in partition walls 4 and 5 which are provided
with the first and second casings, respectively. In this
condition, the side of the countershaft 12 which is located
away from the engine extends into a second room 9 de-
fined by the second and third casings, in which room, an
output shaft 13 is disposed. In addition, a constant mesh
type gear train is disposed in the second room 9 for power
transmission between the countershaft 12 and the output
shaft 13. Furthermore, the end of the output shaft 13
which is located toward the engine is supported rotatably
by the second casing while the end of the countershaft
12 and the side of the output shaft 13 which are located
away from the engine are supported rotatably by the third
casing.

Claims

1. A countershaft transmission which incorporates ro-
tatably in a transmission case (1, 2, 3) a first shaft
(11) which is connected to an engine, a second shaft
(12) which extends in parallel with said first shaft
(11), a third shaft (13) which extends in a direction
away from said engine against said first shaft (11),
and a plurality of speed change gear trains (21a-�27a,
21 b-�27b) which are disposed between said first shaft
(11) and said second shaft (12),�
wherein: �

said transmission case (1, 2, 3) comprises a first
casing (1), a second casing (2) and a third casing
(3) which are connected in this order from a side
where said engine is placed;
said first shaft (11), said second shaft (12) and
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said speed change gear trains (21a- �27a, 21 b-
27b) are disposed in a first room (8) which is
defined by said first and second casings (1, 2);
sides of said first and second shafts (11, 12)
which are located toward said engine are sup-
ported rotatably by said first casing (1) while a
side of said first shaft (11) which is located away
from said engine is supported rotatably by said
second casing (2);
a side of said second shaft (12) which is located
away from said engine, said third shaft (13), and
transmission means (28a, 28b) which carries
out power transmission between said second
and third shafts (12, 13) are disposed in a sec-
ond room (9) which is defined by said second
and third casings (2, 3);
a side of said third shaft (13) which is located
toward said engine is supported rotatably by
said second casing (2) while sides of said sec-
ond and third shafts (12, 13) which are located
away from said engine are supported rotatably
by said third casing (3);
said first casing (1) includes a first partition wall
(4), said first partition wall (4) supporting rotat-
ably said sides of said first and second shafts
(11, 12) which are located toward said engine;
said second casing (2) includes a second parti-
tion wall (5), said second partition wall (5) sup-
porting rotatably said side of said third shaft (13)
which is located toward said engine by a bearing
(13a) which is retained in said second partition
wall (5), and said second partition wall (5) also
supporting rotatably a middle portion of said sec-
ond shaft (12) which extends through said sec-
ond partition wall (5), and
said third casing (3) includes a cover wall (6),
said cover wall (6) supporting rotatably said
sides of said second and third shafts (12, 13)
which are located away from said engine,

characterized in that said second partition wall (5)
rotatably supports said side of said first shaft (11)
which is located away from said engine by a further
bearing (11b) which is retained in said second par-
tition wall (5), whereby said sides of said first and
third shafts (11, 13) facing each other.

2. The countershaft transmission as set forth in claim
1, wherein:�

said third shaft (13) is disposed axially in the
same direction as said first shaft (11) in said
transmission case (1, 2, 3).

3. The countershaft transmission as set forth in claim
1, further comprising a main clutch (CL) which is dis-
posed in a clutch room (7) defined by said first casing
(1) which includes said first partition wall (4) and said

engine which is connected to a side end of said first
casing (1),�
wherein: �

said side of said first shaft (11) passes through
said first partition wall (4) and extends into said
clutch room (7), and said first shaft (11) is con-
nected rotationally through said main clutch (CL)
to an output shaft (ES) of said engine.

4. The countershaft transmission as set forth in claim
1, which is assembled by:�

setting said first casing (1) such that a side end
which meets said engine faces downward with
said first room (8) opening upward, inserting,
vertically from above into said first room (8), said
first and
second shafts (11, 12) which are subassembled
with speed change gears (21 a-�27a, 21 b- �27b)
and clutches, respectively,
supporting said first and second shafts (11, 12)
vertically and rotatably by said first casing (1),
and
meshing a drive gear (21a-�27a) with a driven
gear (21 b- �27b) for each speed change gear
train.

5. The countershaft transmission as set forth in claim
4, which is further assembled by:�

mounting said second casing (2) on said first
casing (1) such that said second casing (2) en-
closes said first and second shafts (11, 12)
which protrude upward from said first casing (1)
as mentioned in claim 5,
supporting the side of said first shaft (11) which
is located away from said engine and a middle
portion of said second shaft (12) rotatably by
said second casing (2),
mounting a drive gear (28a) which constitutes
said transmission means (28a, 28b) on said sec-
ond shaft (12) which protrudes upward through
said second casing (2),
mounting and supporting vertically and rotatably
in said second casing (2) said third shaft (13)
subassembled with a driven gear (28b) which
constitutes said transmission means (28a, 28b),
with said side of said third shaft (13) which is
located toward said engine facing downward,
and
mounting said third casing (3) on said second
casing (2) such that said third casing (3) covers
said second and third shafts (11, 12) which pro-
trude upward from said second casing (2).
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Patentansprüche

1. Gegenwellengetriebe, in dessen Getriebegehäuse
(1, 2, 3) eine erste Welle (11), die mit einem Motor
verbunden ist, eine zweite Welle (12), die sich par-
allel zu der ersten Welle (11) erstreckt, eine dritte
Welle (13), die sich in Richtung von dem Motor weg
gegen die erste Welle (11) erstreckt, sowie eine
Mehrzahl von Gangwechselzahnradzügen (21a -
27a, 21b, - 27b), die zwischen der ersten Welle (11)
und der zweiten Welle (12) angeordnet sind, drehbar
aufgenommen sind, worin:�

das Getriebegehäuse (1, 2, 3) ein erstes Ge-
häuse (1), ein zweites Gehäuse (2) und ein drit-
tes Gehäuse (3) aufweist, die in dieser Reihen-
folge von einer Seite her, wo der Motor ange-
ordnet ist, verbunden sind;

wobei die erste Welle (11), die zweite Welle (12) und
die Gangwechselzahnradzüge (21a - 27a, 21b - 27b)
in einem ersten Raum (8) angeordnet sind, der durch
die ersten und zweiten Gehäuse (1, 2) definiert ist;�
wobei Seiten der ersten und zweiten Wellen (11, 12),
die zu dem Motor hin angeordnet sind, an dem ersten
Gehäuse (1) drehbar gelagert sind, wohingegen ei-
ne Seite der ersten Welle (11), die von dem Motor
weg angeordnet ist, an dem zweiten Gehäuse (2)
drehbar gelagert ist;�
wobei eine Seite der zweiten Welle (12), die von dem
Motor weg angeordnet ist, die dritte Welle (13) und
ein Übertragungsmittel (28a, 28b), das die Kraft-
übertragung zwischen der zweiten und der dritten
Welle (12, 13) ausführt, in einem zweiten Raum (9)
angeordnet sind, der durch die zweiten und dritten
Gehäuse (2, 3) definiert ist;�
wobei eine Seite der dritten Welle (13), die zum Mo-
tor hin angeordnet ist,� an dem zweiten Gehäuse (2)
drehbar gelagert ist, während Seiten der zweiten und
der dritten Welle (12, 13), die von dem Motor weg
angeordnet sind, an dem dritten Gehäuse (3) dreh-
bar gelagert sind;�
wobei das erste Gehäuse (1) eine erste Trennwand
(4) enthält, wobei die erste Trennwand (4) die Seiten
der ersten und zweiten Wellen (11, 12), die zu dem
Motor hinweisend angeordnet sind, drehbar lagern;�
wobei das zweite Gehäuse (2) eine zweite Trenn-
wand (5) enthält, wobei die zweite Trennwand (5)
die Seite der dritten Welle (13), die zu dem Motor
hinweisend angeordnet ist, durch ein Lager (13a)
drehbar lagert, das in der zweiten Trennwand (5)
gehalten wird, und die zweite Trennwand (5) auch
einen mittleren Abschnitt der zweiten Welle (12)
drehbar lagert, der sich durch die zweite Trennwand
(5) hindurch erstreckt; und
wobei das dritte Gehäuse (3) eine Deckwand (6) ent-
hält, wobei die Deckwand (6) die Seiten der zweiten
und der dritten Welle (12, 13), die von dem Motor

weg angeordnet sind, drehbar lagert;�
dadurch gekennzeichnet, dass die zweite Trenn-
wand (5) die Seite der ersten Welle (11), die von
dem Motor weg angeordnet ist, durch ein weiteres
Lager (11 b) drehbar lagert, das in der zweiten Trenn-
wand (5) gehalten wird, wodurch die Seiten der er-
sten und der dritten Welle (11, 13) aufeinander zu-
weisen.

2. Gegenwellengetriebe nach Anspruch 1, worin die
dritte Welle (13) axial in der gleichen Richtung wie
die erste Welle (11) in dem Getriebegehäuse (1, 2,
3) angeordnet ist.

3. Gegenwellengetriebe nach Anspruch 1, das ferner
eine Hauptkupplung (CL) aufweist, die in einem
Kupplungsraum (7) angeordnet ist, der durch das
erste Gehäuse (1), das die erste Trennwand (4) ent-
hält, und den Motor, der mit einem Seitenende des
ersten Gehäuses (1) verbunden ist, definiert ist, wor-
in: �

sich die Seite der ersten Welle (11) durch die
erste Trennwand (4) hindurchgeht und sich in
den Kupplungsraum (7) erstreckt, und
die erste Welle (11) durch die Hauptkupplung
(CL) mit einer Ausgangswelle (ES) des Motors
drehend verbunden ist.

4. Gegenwellengetriebe nach Anspruch 1, welches zu-
sammengebaut ist durch:�

Stellen des ersten Gehäuses (1) derart, dass
ein Seitenende, das sich mit dem Motor trifft,
nach unten weist, wobei sich der erste Raum (8)
nach oben öffnet,
vertikales Einsetzen der ersten und der zweiten
Welle (11, 12), die jeweils mit den Gangwech-
selzahnrädern (21a - 27a, 21b - 27b) und den
Kupplungen vormontiert sind, von oben in den
ersten Raum (8),
vertikales und drehbares Lagern der ersten und
der zweiten Welle (11, 12) an dem ersten Ge-
häuse (1); und
Ineingriffbringen eines Antriebszahnrads (21a -
27a) mit einem Abtriebszahnrad (21b - 27b) für
jeden Gangwechselzahnradzug.

5. Gegenwellengetriebe nach Anspruch 4, welches fer-
ner zusammengebaut ist durch: �

Montieren des zweiten Gehäuses (2) an dem
ersten Gehäuse (1) derart, dass das zweite Ge-
häuse (2) die erste und die zweite Welle (11,
12), die von dem ersten Gehäuse (1) nach oben
vorstehen, wie in Anspruch 5 erwähnt, um-
schließt,
drehbares Lagern der Seite der ersten Welle
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(11), die von dem Motor weg angeordnet ist, und
eines mittleren Abschnitts der zweiten Welle
(12) an dem zweiten Gehäuse (2);
Montieren eines Antriebszahnrads (28a), das
das Übertragungsmittel (28a, 28b) darstellt, auf
der zweiten Welle (12), die durch das zweite Ge-
häuse (2) nach oben vorsteht,
Montieren und vertikales und drehbares Lagern
der dritten Welle (13), die mit einem Abtriebs-
zahnrad (28b) vormontiert ist, das das Übertra-
gungsmittel (28a, 28b) darstellt, in dem zweiten
Gehäuse (2), �
wobei die Seite der dritten Welle (13), die zu
dem Motor hin angeordnet ist, nach unten weist,
und
Montieren des dritten Gehäuses (3) an dem
zweiten Gehäuse (2) derart, dass das dritte Ge-
häuse (3) die zweite und die dritte Welle (11,
12), die von dem zweiten Gehäuse (2) nach
oben vorstehen, abdeckt.

Revendications

1. Transmission à arbres intermédiaires qui incorpore
de manière rotative dans un carter de transmission
(1, 2, 3) un premier arbre (11) qui est connecté à un
moteur à combustion interne, un second arbre (12)
qui s’étend de manière parallèle audit premier arbre
(11), un troisième arbre (13) qui s’étend dans une
direction éloignée dudit moteur à combustion interne
contre ledit premier arbre (11), et une pluralité de
trains d’engrenages de changement de vitesse (21a
- 27a, 21 b - 27b) qui sont disposés entre ledit premier
arbre (11) et ledit second arbre (12), �
dans laquelle : �

ledit carter de transmission (1, 2, 3) se compose
d’un premier carter (1), d’un second carter (2)
et d’un troisième carter (3) qui sont connectés
dans cet ordre à partir d’un côté dans lequel est
placé ledit moteur à combustion interne ;
ledit premier arbre (11), ledit second arbre (12)
et lesdits trains d’engrenages changement de
vitesse (21a - 27a, 21b - 27b) sont disposés
dans une première chambre (8) qui est définie
par ledit premier carter (1) et par ledit second
carter (2) ;
des côtés dudit premier arbre (11) et dudit se-
cond arbre (12) qui sont disposés vers ledit mo-
teur à combustion interne sont supportés de ma-
nière rotative par ledit premier carter (1) alors
qu’un côté dudit premier arbre (11) qui est dis-
posé hors dudit moteur à combustion interne est
supporté de manière rotative par ledit second
carter (2) ;
un côté dudit second arbre (12) qui est disposé
hors dudit moteur à combustion interne, ledit

troisième arbre (13) et des moyens de transmis-
sion (28a, 28b) qui exécutent une transmission
de puissance entre ledit second arbre (12) et
ledit troisième arbre (13) sont disposés dans une
seconde chambre (9) qui est définie par ledit
second carter (2) et par ledit troisième carter (3) ;
un côté dudit troisième arbre (13) qui est disposé
vers ledit moteur à combustion interne est sup-
porté de manière rotative par ledit second carter
(2) alors que des côtés dudit second arbre (12)
et dudit troisième arbre (13) qui sont disposés
hors dudit moteur à combustion interne sont
supportés de manière rotative par ledit troisième
carter (3) ;
ledit premier carter (1) comprend une première
paroi de séparation (4), ladite première paroi de
séparation (4) supportant de manière rotative
lesdits côtés dudit premier arbre (11) et dudit
second arbre (12) qui sont disposés vers ledit
moteur à combustion interne ;
ledit second carter (2) comprend une seconde
paroi de séparation (5), ladite seconde paroi de
séparation (5) supportant de manière rotative
ledit côté dudit troisième arbre (13) qui est dis-
posé vers ledit moteur à combustion interne au
moyen d’un palier (13a) qui est retenu dans la-
dite seconde paroi de séparation (5), et ladite
seconde paroi de séparation (5), supporte éga-
lement de manière rotative une partie intermé-
diaire dudit second arbre (12) qui s’étend au tra-
vers de ladite seconde paroi de séparation (5) ;
et
ledit troisième carter (3) comprend une paroi de
recouvrement (6), ladite paroi de recouvrement
(6) supportant de manière rotative lesdits côtés
dudit second arbre (12) et dudit troisième arbre
(13) qui sont disposés hors dudit moteur à com-
bustion interne,

caractérisée en ce que  ladite seconde paroi de sé-
paration (5) supporte de manière rotative ledit côté
dudit premier arbre (11) qui est disposé hors dudit
moteur à combustion interne au moyen d’un palier
supplémentaire (11 b) qui est retenu dans ladite se-
conde paroi de séparation (5), ce qui permet aux dits
côtés dudit premier arbre (11) et dudit troisième ar-
bre (13) de se faire face l’un l’autre.

2. Transmission à arbres intermédiaires selon la reven-
dication 1, dans laquelle : �

ledit troisième arbre (13) est disposé de manière
axiale dans la même direction que ledit premier
arbre (11) dans ledit carter de transmission (1,
2, 3).

3. Transmission à arbres intermédiaires selon la reven-
dication 1, comprenant en outre un embrayage prin-
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cipal (CL) qui est disposé dans une chambre d’em-
brayage (7) définie par ledit premier carter (1) qui
comprend ladite première paroi de séparation (4) et
par ledit moteur à combustion interne qui est con-
necté à une extrémité de côté dudit premier carter
(1),�
dans laquelle : �

ledit côté dudit premier arbre (11) passe au tra-
vers de ladite première paroi de séparation (4)
et s’étend à l’intérieur de ladite chambre d’em-
brayage (7) ; et
ledit premier arbre (11) est connecté de manière
rotative au travers dudit embrayage principal
(CL) à un arbre de sortie (ES) dudit moteur à
combustion interne.

4. Transmission à arbres intermédiaires selon la reven-
dication 1, qui est assemblée en :�

positionnant ledit premier carter (1) de telle sorte
qu’une extrémité de côté qui rencontre ledit mo-
teur à combustion interne fait face vers le bas
avec ladite première chambre (8) s’ouvrant vers
le haut ;
introduisant verticalement à partir du dessus à
l’intérieur de ladite première chambre (8), ledit
premier arbre (11) et ledit second arbre (12) qui
sont montés en un sous-�ensemble respective-
ment avec des engrenages de changement de
vitesse (21a - 27a, 21 b - 27b) et des
embrayages ;
supportant ledit premier arbre (11) et ledit se-
cond arbre (12) verticalement et de manière ro-
tative au moyen dudit premier carter (1) ; et
engageant un engrenage d’entraînement (21a
- 27a) avec un engrenage entraîné (21b - 27b)
pour chaque train d’engrenages de changement
de vitesse.

5. Transmission à arbres intermédiaires selon la reven-
dication 4, qui est en outre assemblée en :�

montant ledit second carter (2) sur ledit premier
carter (1) de telle sorte que ledit second carter
(2) entoure ledit premier arbre (11) et ledit se-
cond arbre (12) qui sont en saillie vers le haut à
partir dudit premier carter (1) comme le men-
tionne la revendication 5 ;
supportant le côté dudit premier arbre (11) qui
est disposé hors dudit moteur à combustion in-
terne et une partie intermédiaire dudit second
arbre (12) pouvant tourner au moyen dudit se-
cond carter (2) ;
montant un pignon d’entraînement (28a) qui
constitue lesdits moyens de transmission (28a,
28b) sur ledit second arbre (12) qui est en saillie
vers le haut au travers dudit second carter (2) ;

montant et supportant verticalement de manière
rotative dans ledit second carter (2) ledit troisiè-
me arbre (13) monté en un sous-�ensemble avec
un engrenage entraîné (28b), qui constitue les-
dits moyens de transmission (28a, 28b), avec
ledit côté dudit troisième arbre (13) qui est dis-
posé vers ledit moteur à combustion interne et
faisant face vers le bas ; et
montant ledit troisième carter (3) sur ledit se-
cond carter (2) de telle sorte que ledit troisième
carter (3) recouvre ledit second arbre (12) et ledit
troisième arbre (13) qui sont en saillie vers le
haut à partir dudit second carter (2).
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